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1. Introduction
From RAN1#94 meeting to RAN1#AH1901, a lot of agreements on sidelink (SL) physical layer structure for NR V2X were made [1]-[4] and further studies and discussions are necessary to conclude NR-V2X SI. In this contribution, we share our views on SL physical layer structure for NR V2X.

2. Discussions
2.1. PSFCH content(s) and format(s)
PSFCH contents and formats will be discussed in this section.
	RAN1#94bis
Agreements:
Sidelink control information (SCI) is defined.
SCI is transmitted in PSCCH.
SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
NDI, if defined, is a part of SCI.
Sidelink feedback control information (SFCI) is defined.
SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
FFS how to include other feedback information (if supported) in SFCI.
FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
FFS in the context of Mode 1:
whether/how to convey information for SCI on downlink
whether/how to convey information of SFCI on uplink

RAN1#95
Agreements:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.

RAN1#AH1901
Agreements:
· For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 
· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)
· FFS for mode 1



Regarding PSFCH contents, HARQ-ACK feedback can be included in PSFCH based on the above agreements. Moreover, SL channel state information (SL-CSI) can be considered and we believe that SL-CSI as well as HARQ-ACK can be included in SFCI and transmitted on at least PSFCH.
- SL-CSI
SL-CSI has been agreed for further study in RAN1#94b meeting, CSI can represent the channel between transmitter and receiver and/or represent interference at receiver. As discussed in companion contribution [5], CSI may need to be reported via SL and one of the candidate channels for the report is PSFCH. SL-CSI can be assumed to be reported on a PSSCH with/without SL-data. However, PSCCH transmission/reception is necessary to decode the PSSCH even if only SL-CSI is transmitted on the PSSCH. It means that PSCCH overhead is increased. SL-CSI report on PSFCH is beneficial to reduce such overhead, if PSFCH can be transmitted without another channel like PSCCH. 
Proposal 1:
· Support SL-CSI to be included in SFCI, which can be conveyed on PSFCH.

For PSFCH formats, there was discussion at the RAN1#AH1901 meeting on whether short and/or long PSFCH formats are supported or not, but not concluded yet. We believe that it depends on how to determine PSFCH resource for HARQ-ACK feedback, and whether SL-CSI can be reported on PSFCH or not.
For NR-SL mode 2, agreements reached at the RAN1#1901 meeting imply that PSFCH resource for HARQ-ACK feedback can be derived from the associated PSSCH resource. It is noted that such restriction of PSFCH resource association is beneficial in terms of avoiding half duplex issue when UE autonomous resource selection is used for mode 2. Furthermore, if short PSFCH is used for HARQ-ACK feedback, half duplex issue incurred by PSFCH transmission and PSSCH transmission can be further mitigated, because PSFCH and PSSCH occur in TDM manner. 
For NR-SL mode 1, half duplex issue can be avoided by gNB scheduling, then scheduling flexibility is more important. Considering high scheduling flexibility, both short and long PSFCH formats can be used for HARQ-ACK feedback, where long PSFCH formats are beneficial for larger capacity to contain multiple SFCI bits.
 If SL-CSI reporting on PSFCH is supported, long PSFCH format would be more appropriate in terms of PSFCH capacity, and half duplex issue will not be the major concern due to infrequent transmission of SL-CSI.
Therefore, we make the following proposal. It is noted that PUCCH in NR Uu have already supported short and long formats, then the PUCCH formats could be the starting point for designing PSFCH formats.
Proposal 2:
· If flexible PSFCH resource indication is supported for transmission mode 1 (e.g. the resource is indicated by SCI), and/or if SL-CSI can be reported on PSFCH, both short and long PSFCH formats are supported; otherwise only short PSFCH format is supported.
· For PSFCH formats, PUCCH formats in NR-Uu are starting point with some modification to support only CP-OFDM.

2.2. Multiplexing of physical channels
· PSCCH vs. PSSCH
	Working assumption:
· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.
· FFS how to determine the starting symbol of PSCCH and the associated PSSCH
· FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage.


At the RAN1 #95 meeting, the above working assumption was reached [3], where option 3 is assumed to be supported for CP-OFDM. We think when PSCCH bandwidth becomes wider in option 3, the situation becomes closer to option 1A and when PSCCH bandwidth becomes the same as PSSCH in option 3, the multiplexing structure is the same as option 1A. Therefore, when option 3 is supported, it clearly means that option 1A need to be supported; otherwise, i.e. option 1A is not supported, PSCCH always needs to be FDMed with part of PSSCH. Such scheduling restriction is not desirable.
	Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.
-	Option 1A: The frequency resources used by the two channels are the same.
-	Option 1B: The frequency resources used by the two channels can be different.
Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources in the all the time resources used for transmission. The time resources used by the two channels are the same.
Option 3: Part of PSCCH and the associated PSSCH are transmitted using overlapping time resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or another part of the PSCCH are transmitted using non-overlapping time resources.


Therefore, the working assumption of the above should be confirmed with option 1A. It seems that option 3 can include option 1A since option 1A is a special case of current option 3. Option 3 in TR 38.885 [6] should be updated to include option 1A, and option 1A should be removed from TR 38.885.
Proposal 3:
· Option 3 of PSCCH and PSSCH multiplexing in TR 38.885 should be updated as follows. Option 1A is removed. Then, working assumption can be confirmed that at least PSCCH/PSSCH multiplexing structure option 3 is supported for CP-OFDM.
· Option 3: Part of PSCCH and the associated PSSCH can be transmitted using overlapping time resources in non-overlapping frequency resources, and all/another part of the associated PSSCH and/or all/another part of the PSCCH are transmitted using non-overlapping time resources.

· PSFCH vs. PSCCH/PSSCH/PSFCH
As captured in the above agreements, PSFCH is supported as one of NR V2X SL channels. Then, PSFCH and PSCCH/PSSCH/PSFCH multiplexing needs to be studied. For NR-SL mode 2, as captured in section 2.1 of this contribution, there were agreements that time-gap between PSFCH and associating PSCCH/PSSCH is not signaled via SCI. It implies that PSFCH resource for HARQ-ACK feedback is fixed with the associated PSCCH/PSSCH resource. Such restriction gives benefit to avoid half duplex issue; hence PSFCH for HARQ-ACK feedback should be TDMed with PSCCH/PSSCH. Regarding PSFCH for CSI report, long PSFCH can be used. Because CSI report occasions will not be so many, half duplex issue is not a major concern, and FDM between PSCCH and PSSCH is feasible. Fig. 1 is an example of such multiplexing.
For NR-SL mode 1, as abovementioned, scheduling flexibility can be aimed further. gNB can control any resource utilization in consideration of half duplex issue; therefore, both TDM and FDM multiplexing between PSSCH and PSFCH can be applied. Furthermore, as multiple UCIs can be multiplexed on PUCCH in NR-Uu, multiple SFCIs on a single PSFCH resource can be considered as well. Fig. 2 is an example of such multiplexing.
[image: ]
Fig. 1: An example of PSCCH/PSSCH/PSFCH multiplexing for transmission mode 2.
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Fig. 2: An example of PSCCH/PSSCH/PSFCH multiplexing for transmission mode 1.

Proposal 4:
· For transmission mode 2,
· PSFCH for HARQ-ACK feedback is TDMed with PSCCH/PSSCH.
· PSFCH for CSI report can be FDMed with PSCCH/PSSCH.
· For transmission mode 1,
· PSFCH for HARQ-ACK feedback and CSI report can be TDMed/FDMed with PSCCH/PSSCH.
· If multiple PSFCHs are overlapped in time, SFCIs in the PSFCHs are multiplexed on a PSFCH.

2.3. Slot structure
	Agreements:
· NR Uu can assign NR sidelink resources for the following:
· Shared licensed carrier between Uu and NR sidelink
· Dedicated NR sidelink carrier



According to the above agreement made at RAN1#94 [1], NR-Uu licensed band can be shared with NR SL. We believe that UL part can be used for SL when licensed carrier is used for NR-SL. In NR Uu, TDD slot consisting of ‘DL’, ‘UL’ and ‘flex’ parts are supported. DL part is used to schedule SL transmission by NR-Uu in NR-SL mode 1; hence DL part is not suitable for SL transmission in consideration of half duplex. UL part is feasible for SL since the same mechanism to schedule UL of NR-Uu can be reused for SL scheduling. Also for transmission mode 2, UL part is suitable to avoid collision between SL and DL, especially considering that some DL slots contain important system information. In consideration of transmission mode 2, flex part is not feasible since flex part may be used for DL, where such collision cannot be avoided. It is noted that TDD UL-DL configuration and slot format combination for NR-Uu should be kept for backward compatibility.
Proposal 5:
· To share licensed carrier between NR-Uu and NR-SL, only UL part is used for NR-SL.

2.4. Waveforms
	RAN1#95
Agreements:
· At least CP-OFDM is supported.
· Continue study on whether to support DFT-S-OFDM including the potential issues and the following potential benefit:
· Synchronization coverage enhancement
· PSCCH coverage enhancement, e.g., with Option 2 of PSCCH/PSSCH multiplexing with the restriction that PSCCH and PSSCH use adjacent frequency resources
· Feedback channel coverage enhancement
· A single waveform is used in all the sidelink channels in a carrier.
· Note: A sequence based channel can be supported in any waveform.
· (Pre-)configuration will be used to determine the used waveform if the specification supports multiple waveforms.

RAN1#AH1901
Proposals:
· No consensus in supporting DFT-S-OFDM for NR SL in Rel-16
To conclude in RAN1#96



At the RAN1 #95 meeting, the above agreements were reached [3]. At the RAN1#AH1901 meeting, there was discussion of whether DFT-s-OFDM is supported or not, but there was no agreement [4]. To conclude NR-V2X SI, further discussions are necessary in this meeting. In NR-V2X, SL can be transmitted on NR-Uu carrier. When SL transmission is accommodated with UL, using the same waveform would simplify UE implementation. For NR UL, although both CP-OFDM and DFT-s-OFDM are supported, it should be noted that DFT-s-OFDM was supported for supplementary purpose aiming for coverage extension, and mainly CP-OFDM is used. We doubt that coverage extension is needed for SL transmission; the motivation is unclear. Furthermore, for NR UL, there were a lot of discussions on waveform switching mechanism, e.g., waveform configuration, separate codebooks for MIMO, power control, and etc. In terms of the limited time budget, CP-OFDM should be prioritized for NR-V2X. In conclusion, we think CP-OFDM may be enough for NR-SL.
Proposal 6:
· Conclude that NR-SL Rel-16 does not support DFT-s-OFDM.

2.5. Reference signals
	RAN1#94
Agreements:
· RAN1 to continue study on the physical channel considering at least the following aspects:
· […]
· RS design
· Candidates are:
· DM-RS
· DM-RS defined in Rel-15 NR Uu is the starting point.
· PT-RS
· CSI-RS
· SRS
· AGC training signal
· […]

RAN1#AH1901
Agreements:
· Multiple DMRS patterns in time domain are supported for PSSCH
· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing
· FFS: Single or multiple DMRS pattern(s) per a resource pool
· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH
· FFS: RE mapping, sequence generation
· Continue to study DMRS pattern in frequency domain for PSSCH
· E.g. Whether multiple patterns are supported, whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused.
Agreements:
· Support PT-RS for PSSCH for FR2




At the RAN1 #94 meeting, the above agreements for reference signal (RS) design were reached [1], and then at the RAN1 #AH1901 meeting, there were agreements that multiple demodulation RS (DM-RS) patterns in time domain are supported for PSSCH. One of the remaining issues is how to switch DM-RS pattern in time-domain. The following options are considerable:
- Opt. 1: Dynamic switching by e.g. SCI
- Opt. 2: Semi-static switching by e.g. higher layer configuration
- Opt. 3: Static configurations depending on e.g. SCS
Dynamic/semi-static switching enables to use multiple DM-RS patterns in time-domain and select one pattern depending on UE speed. However, in consideration of groupcast/broadcast, relative velocities are different among UEs; hence it is unclear whether certain gain can be provided by dynamic/semi-static switching. It is noted that further efforts for the details of dynamic/semi-static switching are necessary, which should be avoided due to time limitation. We believe that the main motivation to support multiple DM-RS patterns in time-domain is to accommodate different SCS. NR-SL supports multiple SCSs, where the desirable number of DM-RS in a slot is different, for the same UE speed. It is feasible to use different DM-RS pattern in time-domain according to configured SCS. Another remaining issue is DM-RS pattern in frequency-domain. The same configurations of NR-Uu can be reused; it is unclear to introduce other DM-RS patterns in frequency-domain.
Proposal 7:
· DM-RS pattern in time-domain can be different among SCS. For a SCS, one DM-RS pattern in time-domain is defined.
· DM-RS patterns in frequency-domain of NR-Uu are reused for NR-SL.

In addition, another RS to measure CSI should also be supported. CSI acquisition in NR-SL is needed to aim for higher data rate and cell capacity/efficiency especially for unicast/groupcast. CSI measurement based on DM-RS may be one possible option, but NR-Uu does not support such mechanism. To avoid further efforts, either CSI-RS or SRS is preferred. In NR-Uu, CSI-RS and SRS can be used for QoS management including accurate link adaptation and transmission power control based on SL measurement; hence both CSI-RS and SRS are feasible. CSI-RS in NR-Uu can be used for time-domain tracking in high speed scenario as well. And mapping rule of CSI-RS in PDSCH can be reused; i.e. further effort is not necessary in terms of mapping rule. Therefore, CSI-RS seems slightly better. It is noted that, CSI-RS power control may need to be considered like SRS power control in NR Uu. 
Proposal 8:
· Support different RS from DM-RS for CSI acquisition. CSI-RS in NR-Uu is slightly preferred to SRS.

As discussed in [5], we believe both periodic and aperiodic SL-CSI reporting mechanisms can be supported for NR V2X. Aperiodic CSI reporting can be calculated from either periodic CSI-RS or aperiodic CSI-RS while periodic CSI reporting can be calculated from periodic CSI-RS in NR Uu. The same mechanism can be introduced to NR V2X; therefore, both periodic and aperiodic RS for CSI measurement are supported in NR V2X, e.g. periodic CSI-RS and/or aperiodic CSI-RS should be supported, if RS for CSI measurement is supported for NR V2X. 
Proposal 9:
· Support both periodic and aperiodic RS for CSI measurement, e.g. periodic and/or aperiodic CSI-RS.

3. Conclusion
In this contribution, we discussed SL physical layer structure for NR V2X. Proposals are summarized as following: 
Proposal 1:
· Support SL-CSI to be included in SFCI, which can be conveyed on PSFCH.
Proposal 2:
· If flexible PSFCH resource indication is supported for transmission mode 1 (e.g. the resource is indicated by SCI), and/or if SL-CSI can be reported on PSFCH, both short and long PSFCH formats are supported; otherwise only short PSFCH format is supported.
· For PSFCH formats, PUCCH formats in NR-Uu are starting point with some modification to support only CP-OFDM.
Proposal 3:
· Option 3 of PSCCH and PSSCH multiplexing in TR 38.885 should be updated as follows. Option 1A is removed. Then, working assumption can be confirmed that at least PSCCH/PSSCH multiplexing structure option 3 is supported for CP-OFDM.
· Option 3: Part of PSCCH and the associated PSSCH can be transmitted using overlapping time resources in non-overlapping frequency resources, and all/another part of the associated PSSCH and/or all/another part of the PSCCH are transmitted using non-overlapping time resources.
Proposal 4:
· For transmission mode 2,
· PSFCH for HARQ-ACK feedback is TDMed with PSCCH/PSSCH.
· PSFCH for CSI report can be FDMed with PSCCH/PSSCH.
· For transmission mode 1,
· PSFCH for HARQ-ACK feedback and CSI report can be TDMed/FDMed with PSCCH/PSSCH.
· If multiple PSFCHs are overlapped in time, SFCIs in the PSFCHs are multiplexed on a PSFCH.
Proposal 5:
· To share licensed carrier between NR-Uu and NR-SL, only UL part is used for NR-SL.
Proposal 6:
· Conclude that NR-SL Rel-16 does not support DFT-s-OFDM.
Proposal 7:
· DM-RS pattern in time-domain can be different among SCS. For a SCS, one DM-RS pattern in time-domain is defined.
· DM-RS patterns in frequency-domain of NR-Uu are reused for NR-SL.
Proposal 8:
· Support different RS from DM-RS for CSI acquisition. CSI-RS in NR-Uu is slightly preferred to SRS.
Proposal 9:
· Support both periodic and aperiodic RS for CSI measurement, e.g. periodic and/or aperiodic CSI-RS.
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